As early as 1895, Marmorek (1) recognized the frequency with which the Streptococcus hemolyticus was present in the throat secretions from scarlet fever patients and inclined towards the belief that this organism might be the possible etiological factor in the production of the disease. Consequently, he prepared an antistreptococcic serum against scarlet fever by immunizing animals with polyvalent strains of Streptococcus hemolyticus isolated from the throat secretions of' scarlet fever patients in the acute stage of the disease. Unfortunately, clinical trials with the serum boded ill for its success and it was soon forgotten. Eight years later, Tavel and Aronson (2) and Moser (3) re-examined Marmorek's work and attempted to improve the latter's method of serum production. Moser, in particular, adhered to the belief, that Streptococcus hemolyticus associated with scarlet fever, possessed certain specific characteristics, foreign to the streptococci usually found in other general septic conditions. This belief was not based either on cultural or on serological findings. Moser made a logical advance, however, in that he immunized a horse with strains of Streptococcus hemolyticus, isolated directly from the blood of fatal malignant cases of scarlet fever. He inoculated the live organisms directly into the horse, for fear that "certain specific characteristics" of these organisms might be destroyed or altered by carrying them through the usual laboratory procedures. Very promising clinical trials with this serum were reported by Moser (3), Schick (4) , and a' 'Read before the Medical Society of the Johns Hopkins Hospital, May 19, 1924 . 273 STUDIES IN SCARLET FEVER number of observers (5) . The results were particularly impressive in the severer toxic cases, admitted to the hospital with doubtful prognosis.
It was noted that ten to fifteen hours following an intramuscular injection of 200 cc. of the serum, there was a rapid abatement in the toxic manifestations, a striking and critical fall of the temperature, prompt improvement in the rate and quality of the pulse, and rapid disappearance of the cyanosis with cessation of diarrhea and chills. It was apparent to Schick (4) , that the serum "worked essentially like an antitoxic serum and most strikingly in purely toxic cases." Difficulty arose in preserving the serum, and that combined with the frequency of serum sickness, contributed to its unenthusiastic reception and limited use.
More recently attention has been focussed on the significance of $treptococcus hemolyticus in scarlet fever and already an enormous literature has accumulated on this subject. The works of Tunnicliffe (6) , Bliss (7) , Stevens (8) , Gordon (9) , Dochez and Shermann (10) , and Dochez (11) , are notable in this respect. They have observed that Streptococcus beta hemolyticus, isolated from the throats of scarlet fever patients, is a specific type of streptococcus, most readily distinguishable by agglutination and the phenomenon of .gglutinin absorption, from the types of Streptococcus hemolyticus giving rise to angina and septic conditions in general. Dick and Dick (12) working on this theory that a certain strain of Streptococcus hemolyticus was the specific cause of scarlet fever, swabbed a strain of this organism, isolated from a case of scarlet fever, on the tonsils of a human volunteer. This resulted in what they interpreted as a mild attack of scarlet fever. Dochez (11) has recently succeeded in producing a scarlatinal anti-streptococcic serum by immunizing a horse with the specific type of Streptococcus beta hemolyti&us found in the throats of scarlet fever patients, and has observed that this serum is capable of blanching the scarlet fever rash locally, in a more conspicuous manner than the serum of patients convalesing from scarlet fever. The results obtained from its use by Blake, Trask and Lynch (13) , indicate that the serum may possess distinct diagnostic and therapeutic value.
Through the kindness of Dr. Dochez it has been possible to use the 274 KONRAD E. BIRKHAUO specific immune serum, which he has sent us, to study the blanching phenomenon in scarlet fever. During these investigations, it has seemed desirable to re-examine the ability of (a) normal human serum and (b) convalescent scarlet fever serum to blanch the scarlet fever rash; (c) to determine the exact time at which the serum from patients convalescing from scarlet fever developed the power to blanch the scarlet fever rash and (d) to compare these results with the rash extinction phenomenon obtained with Dochez's serum.
THE SCHULTZ-CHARLTON PHENOMENON Schultz and Charlton (14) in 1918 first observed that intracutaneous injections of 0.5 to 1 cc. of serum from normal persons or from persons convalescent from scarlet fever caused a definite blanching of the rash in patients with scarlet fever. The blanching phenomenon occurred within five to six hours following the serum injection and the areas blanched measured from 2.5 to 5 cm. in diameter. They found in a series of fifty typical cases of scarlet fever, that positive blanching reactions were obtained in forty-four, or 88 per cent, that doubtful reactions occurred in five, or 10 per cent and that there was no blanching in one or 2 per cent. The areas blanched were found to persist until the general exanthem had faded. A few years later, Neumann (15) confirmed these observations, and noted that serum withdrawn from patients during the first four days of an attack of scarlet fever, did not produce the blanching phenomenon. Hainiss (16) found in a series of nineteen cases tested with convalescent serum, that positive blanching reactions were obtained in eleven, or 58 per cent. At this time, Paschen (17) reported the results of a series of seventy-one cases tested with convalescent serum, in which positive blanching reactions were obtained in sixty-two, or 87 per cent.
The following year, Schultz (18) re-examined his earlier work and likewise confirmed the findings of Neumann. He had observed positive blanching reactions with convalescent serum in 100 per cent of scarlet fever patients tested on the second day of the disease, in 78 per cent tested on the third day of the disease and in 60 per cent of five cases each, tested on the first and the fourth day of the disease. Cases tested on the fifth day of the disease gave uniformly negative results. At this time, Tron (19) reported the results of fifty cases of scarlet fever tested with convalescent serum in various stages of the disease and observed the blanching phenomenon in only ten, or 21 per cent.
Hazelhorst (20) in 1921, obtained in a series of fifty definite cases of scarlet fever the Schultz-Charlton phenomenon in 80 per cent and reported that the tests were consistently negative in thirteen cases of other eruptive diseases. At this time, Steinkopf (21) found in a series of forty-nine cases of undoubted scarlet fever that positive blanching reactions occurred in 83.7 per cent. Furthermore,
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Mulsow (22) reported a series of thirty cases of scarlet fever tested intradermally with convalescent serum withdrawn from scarlet fever patients from twenty-one to twenty-eight days after the appearance of the rash; he obtained positive blanching reactions in 53 per cent and doubtful reactions in 10 per cent. In a second series of twenty cases tested intradermally with normal human serum, positive blanching reactions were obtained in 40 per cent and doubtful reactions in 15 per cent. He also noted that serum from normal persons failed to produce the Schultz-Charlton phenomenon in about 60 per cent of definite cases of scarlet fever.
Rojo (23) in 1922 tested eighteen cases of scarlet fever with convalescent serum and obtained positive blanching reactions in 78 per cent. Raymond (24) found in a series of seventy-two cases of definite scarlet fever that intradermal injections of normal human serum produced the blanching phenomenonin 82 per cent. Meyer-Estorf (25) made the observation that the Schultz-Charlton phenomenon was best elicited on the second day after the appearance of the rash. Toomey and Nourse (26) tested fourteen cases of scarlet fever with normal human serum, using 0.5 cc. doses, and obtained positive blanching reactions in nine cases, or 64 per cent. The same number of cases were tested with convalescent serum, using 0.5 cc. doses, and obtained positive blanching reactions in only three cases, or 21 per cent. In a second series of twenty-seven cases, using 1 cc. doses, with normal human serum they obtained positive blanching reactions in twenty-one cases, or 81 per cent and with convalescent serum they obtained positive blanching reactions in seventeen cases, or 63 per cent. Attention was called to the fact that a higher percentage of positive results can be obtained with the larger doses of serum. Blum (27) tested sixty-four cases of scarlet fever with varying amounts of serum, in an effort to show that the extent of the rash extinction was not dependent on the amount injected. The results of this work were inconstant and subject to great variations. Table 4 shows the results of the Schultz-Charlton phenomenon by other workers, together with a summary of the results of the work reported in this paper.
In reviewing the literature that has accumulated concernig the Schultz-Charlton phenomenon one finds a difference of opinion as regards the value of this test. On the one hand Neuman is inclined to tegard it as a specific diagnostic phenomenon while on the other Tron considers it worthless in the diagnosis of doubtful cases of scarlet fever. In a series of closely allied investigation in scarlet fever, it seemed desirable to re-examine the blanching phenomenon with normal human serum and convalescent scarlet fever serum in order that these studies might be compared with the results obtained with the Dochez scarlatinal antistreptococcic serum.
The blanching phenomenon with normal human serum In order to test the ability of normal human serum to produce the Schultz-Charlton phenomenon, blood was withdrawn from six healthy individuals, whose past histories revealed no attack of scarlet fever or other general septic conditions caused by Streptococcus hemolyticus, and whose Wassermann reactions were negative. The blood was placed in the ice-box for 12 to 18 hours, the serum then drawn off, heated for an hour at 56°C. and stored in the ice-box in sealed tubes. To the tubes 0.3 per cent solution of tricresol was added.
Nine cases of scarlet fever were tested intradermally with doses of 1 and 0.5 cc. of this serum during the first four days after the appearance of the rash. The results of these tests are shown in table 1. Of the total nine cases, five patients showed definite blanching of the rash at the site of injection on the second and third day of the disease, while two patients showed a slight or suspicious blanching reaction when tested on the second day of the disease. The greatest incidence of rash extinctions occurred on the second day of the rash, and of six patients tested on this day, four showed definite blanching. Seven patients were tested on the third day of the rash; in one only did a positive blanching reaction occur, though in one other patient a suspicious rash extinction was noted. The results were consistently negative when the tests were made on the fourth day of the rash.
The areas blanched were usually regular in outline round or oval in shape, measuring from 1 to 6.5 cm. in diameter. Some, however, were less sharply delimited, having irregular and indefinite edges with numerous steilate projections, varying in size from 5 to 9 cm. in diameter. The shortest interval between the injection of serum and the occurrence of definite blanching at the site of injection was five hours, and the longest interval fourteen hours. The blanching reaction usually persisted until the disappearance of the general rash. In the areas blanched on the second day of the rash, no pigmentation or desquamation was observed, while on the third day of the rash yellow-brownish pigmentation persisted in the skin and disappeared with the general desquamation. It was found that the area blanched was directly dependent on the amount of serum injected and that while 1 cc. of serum produced a definite blanching reaction, 0.5 cc. failed to extinguish the rash in the same patient. Nine control tests with horse serum and diphtheria anti-toxin gave consistently negative results. Injections of epinephrin in solutions of 1: 1,000 and 1: 5,000 did not produce the blanching phenomenon. The blanching phenomenon with convakscent scarlet fever serum
In order to compare the blanching power of normal human serum with that of convalescent scarlet fever serum blood was withdrawn from scarlet fever patients twenty to forty days after the unitial appearance of the rash. The convalescent serum was prepared in the same way as the normal human serum, pooled and the mixture of convalescent sera used for the following tests, the results of which are shown in table 3. A total of sixty-five intradermal injections were made in forty-two cases of scarlet fever during the first four days of the rash. The amount of serum injected varied from 0.1 to 1 cc. In a series of nineteen patients, it was found that when convalescent serum was injected intradermally during the first fifty hours after the initial appearance of the rash, the blanching phenomenon was positive in seventeen cases, or 89 per cent, and slight or suspicious after rubbing the injected area, in one case, or 5 per cent. In eight cases the injections were made sixty hours after the initial appearance of the rash. The blanching phenomenon was positive in seven of these, or 87 per cent and slight or suspicious after rubbing the injected area, in one or 13 per cent. In twenty-eight cases intradermal injection of convalescent serum seventy hours after the iniitial appearance of the rash, did not produce any effect upon the rash.
The blanched area in the positive cases varied from 1 to 4 cm. in diameter, the size depending directly on the amount of the convalescent serum injected into the skin. In numerous instances the blanching was just perceptible and the outline indefinite; in others the blanched area was sharply delimited, round or oval and stood out in sharp contrast to the surrounding erythematous skin. While 1 cc. of convalescent serum produced a definite blanching reaction, 0.5 and 0.1 cc. failed to extinguish the rash in the same individual and therefore the percentage of positive blanching reactions was greater with the larger doses than with the smaller amounts of serum injected. This was also observed in the reactions obtained with normal serum.
After the blanching had persisted forty to sixty hours, there appeared, as a rule, a yellowish-brown pigmentation about the site of injection, which was shortly followed by a fine, powdery-like desquamation. This peeling differed from the general desquamation which was scaly, the skin peeling off in large flakes. In most instances the blanching occurred between seven and twelve hours after the injection of the serum and persisted until the disappearance of the general rash.
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Fifty control tests-were made with 0.1 to 1 cc. of diphtheria antitoxin or normal horse serum. These sera were injected intradermally in forty-one cases from the first to the fourth day of the rash. In no instance was the rash blanched by these control sera. Convalescent scarlet fever serum failed to produce the blanching phenomenon in five cases of erysipelas, three cases of measles and four cases of rubella.
Initial appearance of antitoxic substance in the blood serum of scarlet fever patients. In an effort to determine the exact time at which the blood serum from patients with scarlet fever develop the capacity to blanch the rash in scarlet fever, blood was withdrawn daily from a series of scarlet fever patients from the second to the twelfth day of the disease. The serum was prepared in the same manner as that described in the experiments with normal human serum. The results of these tests are shown in table 2. In a series of ten cases of scarlet fever tested with intradermal injections of the above-mentioned sera, 280 the first definite rash extinction reaction occurred with the serum withdrawn on the eighth day after the appearance of the rash. This occurred in only one case. The serum withdrawn on the ninth day of the disease caused definite blanching reactions in three cases and the serum obtained on the tenth day of the disease produced the blanching phenomenon in eight cases. The serum withdrawn on the eleventh and twelfth days produced definite blanching in all of ten cases. A slight or suspicious blanching reaction occurred on the fourth day of the disease, but this instance was consequently ruled out, since no blanching occurred in the same patient with serum withdrawn between the fifth and tenth days. The areas of rash extinction about the site of injection measured about 2.5 cm. in diameter and resembled in general those obtained with convalescent serum. The areas blanched by the sera removed on the eighth, ninth and tenth days of the disease were inconstant and frequently faded twenty-four hours after the initial appearance of the blanching, while the areas blanched by the sera obtained on the eleventh and twelfth days were much more striking and persisted until the disappearance of the general rash.
The blanching phenomenon with Dochez's scarlatinal antistreptococcic serum
During the past nine months, ninety-four intradermal tests have been made with Dochez's scarlatinal antistreptococcic serum in a series of fifty-seven cases of scarlet fever. These patients were tested during the first four days of the rash. The results are tabulated in table 3 . The amount of serum injected varied from 0.1 to 1 cc. Forty cases of scarlet fever were tested within the first sixty hours after the appearance of the rash. Dochez's serum produced the Schultz-Charlton rash extinction phenomenon in all of these, or 100 per cent. Ten cases were tested seventy hours after the appearance of the rash; in only one of these, or in 10 per cent did the definite blanching phenomenon, occur, while in three or 30 per cent suspicious blanching was observed. When the test was performed eighty hours after the appearance of the exanthem, blanching, with one possible exception, was never observed.
Case no. 6 (table 3) doses, the former dose producing a blanched area measuring 4 cm. in (liameter and the latter dose an area measuring 2.4 cm. in diameter. Eighty hours after the onsct of the rash tests made with convalescent serum and Dochez's serum were consistently negative.
A noticeable difference was observed in the size of the areas blanche(d with normal human serum, convalescent scarlet fever serum and Dochez's serum ( fig. 1 ), when the same amount of serum was injected intradermally, in three situations, in close proximity one to the other. There appeared simultaneously at the site of the three injections, within nine hours, three definitely blanched areas, regularly edged and circular in shape, but of different sizes. The area blanched by the normal human serum measured 2.2 cm. in diameter, the area blanched by the convalescent serum 2.4 cm. in diameter and the area blanched l)y the Dochez serum measured 4.8 cm. in diameter. These tests were repeated sixty hours after the onset of the rash when doses of 0.2 cc. were injected intradermally. Fourteen hours following the injection, there appeared a definite rash extinction in the area injected with Dochez's serum, regular in outline and circular in shape, measuring 4 cm. in diameter. No reaction was noted in the areas injected with normal human serum and convalescent scarlet fever serum. As was noted by Blake, Trask and Lynch (13) no pigmentation or desquamation was observed during convalescence in the areas blanched within twenty-four hours after the appearance of the exanthem.
When the tests were made on the succeeding days of the disease, there was noted during convalescence a faint yellowish-brown discoloration over the blanched area, which often desquamated in fine, powdery-like fragments before general desquamation occurred. intradermally with equivalent amounts of diphtheria anti-toxin and normal horse serum. In no instance was the rash blanched by these control sera. Dochez's serum failed to produce the blanching phenomenon in seven cases of erysipelas, four cases of measles and six cases of rubella.
Pseudo-reaction. A peculiar reaction occurred in case no. 12 (table   3) injected an intense erythema followed by marked hyperemia in the underlying skin. The redness rapidly extended in all directions, until twenty-six hours following the injection it attained a diameter of 9.8 cm. with a definite red margin, slightly raised above the surface of the surrounding skin. At this time a definite zone of blanching was 289 observed along the edges of the erythematous area, slowly working its way towards the center of this area. Forty-eight hours after the injection of the serum, the central erythema was faded and the entire area appeared definitely blanched. Vesiculation of the surface epithe-FIG. 5. SAME AREA TWENTY-FOUR HOURS AFTER INJECTION lium in this area was observed on the following day. No residual pigmentation was noted after the disappearance of the general rash. The combined reaction in this case strongly suggested a local hypersensitiveness to the non-toxic proteins of the horse serum, the effectof which at first prevented the blanching phenomenon. 290 KONRAD E. BIRKHAUG DISCUSSION These observations are confirmatory of previous work and show further that Dochez's antistreptococcic serum possesses similar properties to those contained in normal human serum and convalescent scarlet fever serum. The blanching phenomenon was obtained in this series with great regularity during the first and second day after the appearance of the rash, when intradermal tests were made with normal human serum, convalescent scarlet fever serum and Dochez's serum in scarlet fever patients. An important quantitative difference was noted between strength of normal and convalescent serum and of Dochez's serum, for while normal serum and convalescent serum failed to produce the blanching phenomenon after the second day of the rash, Dochez's serum continued to blanch the exanthem until the fourth day of the rash. It was likewise observed that the blanching phenomenon was best obtained on the second day after the initial appearance of the rash, and rapidly diminished during the third day, until the capacity to blanch the rash was completely lost on the fourth day of the rash. This occurrence, one might venture to explain, is occasioned by an hypothetical specific toxin so fixed in the tissues, following a certain time of exposure to the disease, that it is not readily neutralized by the hypothetical antitoxic substance present in the normal human serum, convalescent scarlet fever serum or Dochez's serum. Considerable importance and therapeutic value may be attached to the difference in potency of blanching properties contained in these three sera in producing the Schultz-Charlton rash extinction phenomenon during the second and third day of the disease, and this difference may serve to establish a rough quantitative measure of specific antitoxic capacities contained in each of these three sera. It is apparent that Dochez's serum not only produces the rash extinction phenomenon later in the disease than the other two sera, but that it also blanches considerable larger areas of rash than does either the normal human serum or the convalescent serum. These results indicate that Dochez's serum contains the same specific substance which is demonstrable in the normal human serum and convalescent scarlet fever serum but that Dochez's serum possesses this specific property in a much greater concentration, than is demonstrable in either normal human serum or convalescent serum. It was, furthermore, demonstrated that the blood serum of scarlet fever patients acquired the capacity to blanch the rash in scarlet fever about the eighth day after the onset of the disease. This indicates, in so far as may be ascertained by clinical methods, that suffcient antitoxic substance is produced in the body at this stage of TABLE 4 Results of Ihe Schuls-Chariton phenomenon by other workers the disease to be detected in the circulating blood. It is importantito note that this is simultaneous with the onset of convalescence and the return of the blood-picture to normal, which suggests strongly that the toxic substance is neutralized completely by the antitoxic substance, which at this time occurs in such excess in the circulating blood of the patient that the serum is capable of producing the Schultz-Charlton rash extinction phenomenon upon the scarlet fever rash of other patients. SUNiMARY 1. Serum from normal persons, without history of scarlet fever or general septic infections, produced the Schultz-Charlton rash extinction phenomenon in four of six cases tested on the second day of the rash and in one of seven cases tested on the third day of the rash.
2. Serum from convalescent scarlet fever patients produced the Schultz-Charlton rash extinction phenomenon in twenty-four of twenty-seven cases tested, or 89 per cent, during the first sixty hours of the rash but did not cause blanching seventy hours after the appearance of the rash.
3. Dochez's serum produced the Schultz-Charlton rash extinction phenomenon in forty cases, or 100 per cent, during the first sixty hours of the rash. It continued to produce blanching seventy hours after the appearance of the rash, but did not blanch eighty hours after the appearance of the rash. This indicates that Dochez's serum possesses the same specific property that is found in normal and convalescent serum but contains this specific property in considerably greater concentration.
4. Blood serum from scarlet fever patients first showed the property of producing the Schultz-Charlton rash extinction phenomenon about the eighth day of the disease. 5. Epinephin, normal horse serum and diphtheria antitoxin failed consistently to produce the Schultz-Charlton rash extinction phenomenon in scarlet fever. 6. Normal human serum, convalescent scarlet fever serum and Dochez's serum failed consistently to produce blanching reactions in other eruptive diseases. 7. Rash extinction areas were directly proportional in size to the amount of serum injected.
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